ABSTRACT: Background: Community stroke rehabilitation teams (CSRTs) provide a community-based, interdisciplinary approach to stroke rehabilitation. Our objective was to assess the effectiveness of these teams with respect to client outcomes. Methods: Functional, psychosocial, and caregiver outcome data. were available at intake, discharge from the program, and six-month follow-up. Repeated measures analysis of covariance was performed to assess patient changes between time points for each outcome measure. Results: A total of 794 clients met the inclusion criteria for analysis (54.4% male, mean age 68.5 ± 13.0 years). Significant changes were found between intake and discharge on the Hospital Anxiety and Depression Scale total score (p = 0.017), Hospital Anxiety and Depression Scale Anxiety subscale (p < 0.001), Functional Independence Measure (p < 0.001), Reintegration to Normal Living Index (p = 0.01), Bakas Caregiver Outcomes Scale (p < 0.001), and Caregiver Assistance and Confidence Scale assistance subscale (p = 0.005). Significant gains were observed on the strength, communication, activities of daily living, social participation, memory, and physical domains of the Stroke Impact Scale (all p < 0.001). These improvements were maintained at the 6-month follow-up. No significant improvements were observed upon discharge on the memory and thinking domain of the Stroke Impact Scale; however, there was a significant improvement between admission and follow-up (p = 0.002). All significant improvements were maintained at the 6-month follow-up. Conclusions: Results indicate that the community stroke rehabilitation teams were effective at improving the functional and psychosocial recovery of patients after stroke. Importantly, these gains were maintained at 6 months postdischarge from the program. A home-based, stroke-specific multidisciplinary rehabilitation program should be considered when accessibility to outpatient services is limited.
Stroke is a leading cause of death and disability around the world 1 and the second leading cause of long-term disability in North America. 2 It is estimated that the prevalence of stroke survivors will rise to 67 million in 2015 and 77 million by 2030. 3 Functional limitations resulting from physical and cognitive impairments after a stroke event can range from mild to severe; however, these impairments may improve over time through the use of specialized rehabilitation services. 4 After acute care, stroke survivors are typically discharged to either hospital-based inpatient rehabilitation or to the community (i.e. outpatient rehabilitation, long-term care, or the home). Despite gains made in the acute phase of recovery, 33% to 43% of individuals will have residual deficits that require ongoing rehabilitation in the community. 5 In recognition of this need, the 2013 Canadian Best Practice Guidelines for Stroke Care 6 state that individuals "should continue to have access to specialized stroke services after leaving the hospital" and that " [o] utpatient and/or community-based rehabilitation services should be available and provided by a specialized interprofessional team, when needed by patients […]" (p. 33) .
Outpatient rehabilitation may include hospital-based or homebased rehabilitation depending on service availability and patient need. The literature has shown that home-based rehabilitation is effective in improving clinical outcomes. 4 A recent study found that, compared with a control group receiving traditional rehabilitation services, individuals receiving home-based rehabilitation showed greater improvement in independence for activities of daily living at six months (Barthel Index p < 0.05) and two years (Barthel Index, p = 0.03) poststroke. 7 This finding was confirmed in a meta-analysis by Hillier et al. 8 who noted that significant improvements six months poststroke were likely from direct transference of skills to the living environment. A meta-analysis of randomized controlled trials comparing home-based and center-based stroke rehabilitation found that home-based services were associated with greater client satisfaction, reduced caregiver strain, and lower hospital readmission rates. 9 In addition to the number of positive clinical outcomes associated with home-based rehabilitation, it has also been shown that these services are cost effective. In a systematic review by Anderson et al., 10 home-based rehabilitation was shown to reduce hospital stays by 13 days (95% confidence interval: -19 to -7 days). In combination with early supported discharge, community-based rehabilitation had an overall mean cost reduction of 15% compared with standard care without compromising patient outcomes. 10 In southwestern Ontario, Canada, community stroke rehabilitation teams (CSRTs) provide an individualized, home-based, stroke-specific, and multidisciplinary rehabilitation service to patients recovering from stroke. Most evidence for home-based rehabilitation has originated from the United Kingdom, Australia, and the Scandinavian countries; thus, a Canadian perspective is lacking. The objective of this study was to examine the use of CSRTs in providing home-based rehabilitation to stroke survivors living in Ontario, Canada, and to evaluate their effectiveness in improving patient and caregiver outcomes.
METHODS

CSRT Program and Dataset
All data were derived from a retrospective cohort of clients who received care from the CSRTs between January 1, 2009, and June 30, 2013. Serving southwestern Ontario, the CSRTs comprise physical therapists, occupational therapists, speechlanguage pathologists, social workers, registered nurses, therapeutic recreational specialists, and rehabilitation therapists. Clients served by these teams must have ongoing rehabilitation needs at any time poststroke and be both able and motivated to actively participate in rehabilitation. Individuals have all been discharged from either acute care or inpatient rehabilitation. In most cases, individuals seen by the CSRTs are unable to access hospital based outpatient rehabilitation for a variety of reasons (e.g. transportation barriers, low social support).
Client data were collected from an administrative database that was maintained directly by CSRT staff. Routine data collection occurred at three time points: intake into the program, discharge, and follow-up. The discharge time point varied depending on the client's length of service. Follow-up assessments were completed within 6 months of discharge from the program. Demographic information was collected on intake, and psychosocial, functional, and caregiver outcomes were completed at intake, discharge, and follow-up to assess patient progress and to determine relevant rehabilitation goals. Upon completion, client demographic information and outcome assessments were forwarded to the CSRT program administrative assistant who entered all information into a centrally maintained database. Data collected up to June 2013 were included in the present analysis. This study was granted ethics approval by the Western University Research Ethics Board: London, Ontario.
Inclusion Criteria
To be included in the present analysis, a client must have received active rehabilitation and have complete demographic information. Additionally, clients must have had at least one baseline outcome assessment completed and at least one discharge or follow-up outcome assessment completed.
Data Extraction
Extracted demographic information included age, sex, postal code, marital status, and date and type of stroke. Other descriptive information was extracted such as date of client referral and referral source, date of first contact, date of first CSRT visit, and date of discharge from active service. Referral sources were divided into six distinct categories: acute, inpatient rehabilitation, outpatient rehabilitation, community (e.g. self, family/ friend, primary physician), in-home care provider (e.g. Community Care Access Center), and long-term care. For each patient, wait time (time between referral and first visit), time since stroke (date of stroke to first visit), and length of service (first visit to program discharge) was recorded. Information on the number of visits per client from each discipline was also available. Rehabilitation intensity was measured by calculating the average total number of therapy visits each individual received per week.
Outcome Measures
Functional Outcomes
Functional Independence Measure. The Functional Independence Measure (FIM) provides a measure of disability and an indication of independence in activities of daily living by assessing cognitive and motor functioning. 11 The FIM consists of 18 items that are scored on a 7-point Likert scale, with higher scores indicating a greater level of independence (1 = total assistance, 7 = total independence; total = 126). This measure has demonstrated excellent reliability 12 and validity 13 within a stroke population. Stroke Impact Scale. The Stroke Impact Scale (SIS) is a 64-item stroke-specific measure of function. It was developed to assess important consequences of stroke, specifically for those with mild to moderately severe stroke, and is sensitive to small changes in function. The SIS consists of eight domains: strength, hand function, instrumental activities of daily living, mobility, communication, memory, emotion and thinking, and social participation.
14 This measure has excellent reliability and validity. 15 The SIS was used by CSRT staff from January 2009 to October 2012, and was replaced by the Reintegration to Normal Living Index in May 2012.
Reintegration to Normal Living Index. The Reintegration to Normal Living Index indicates the extent to which an individual has returned to normal social activities after a traumatic illness. The measure consists of 11 items categorized into two domains: daily functioning and perception of self. The degree to which a statement describes the individual's situation is graded, providing a total maximum score of 22, with a higher score indicating a greater degree of reintegration. 16 This measure has demonstrated excellent internal consistency in several studies when administered to both stroke patients (alpha = 0.80-0.92) and their family members (alpha = 0.81-0.85).
17,18
Psychosocial Outcomes
The Hospital Anxiety and Depression Scale. This scale consists of seven depression-related items and seven anxiety-related items. Each item is measured on a 4-point scale, resulting in a maximum score of 21 in each subscale and an overall total score of 42.
19 A higher score may indicate more prominent symptoms of depression and/or anxiety. This tool was administered by the CSRT staff until January 2011. Psychosocial outcomes continued to be measured using the Patient Health Questionnaire 9; however, there were insufficient data available to report.
Caregiver Outcomes
The Caregiver Assistance and Confidence Scale (CACS). The CACS is used to measure the amount of assistance a caregiver provides to a dependent individual (burden of care) as well as the level of confidence with which he or she is able to provide this assistance. This measure contains 17 items, with each item containing two subscales (level of assistance required and level of confidence in providing assistance). A maximum total score of 102 in each category can be achieved. Higher scores in the level of assistance subscale reflect a high level of assistance (burden); higher scores in the level of confidence subscale indicate a high level of confidence in providing required assistance. 20 The CSRT transitioned from this tool to the Bakas caregiver outcomes scale (BCOS) in October 2011.
BCOS. The BCOS is a 15-item measure developed to examine the emotional, social, and health-related outcomes of an individual providing informal care to a person who has experienced a stroke. Individuals rate items based on a -3 to + 3 scale, which affords the opportunity to reflect both the negative and positive aspects of a caregiver role. These scores are then converted to a 1 to 7 scale, resulting in a maximum total score of 105, where a higher score reflects a more positive caregiving experience. 21 
Analysis
Demographic characteristics of this population were described by calculating frequencies and means where appropriate. To compare patients excluded because of incomplete data with those in the analyzed data set, paired t-tests and chi-square tests were conducted on all demographic characteristics to detect statistically significant differences between the two cohorts.
Repeated measures analysis of covariance (ANCOVA) was conducted for each outcome measure, and subscales when appropriate, to examine changes in mean total score between time points (admission, discharge, and follow-up). This method of analysis was chosen as it is suited to pre-post data with more than two time points while controlling for potential confounding variables. All outcome variables were continuous, approximately normally distributed, and had significant outliers removed at all three time points. The sphericity assumption was tested with each model using Mauchly's Test of Sphericity with a GreenhouseGeisser correction when required. This was completed to assess the type 1 error rate of each model. Pairwise comparisons of the three time points with each ANCOVA model were examined to assess significant differences in mean client outcome scores across the time points with a Bonferroni correction (p < 0.017). This analysis was repeated to examine caregiver outcomes. Known confounders to the stroke recovery process (age, 22 intensity of services, 23 and admission FIM score 22 ) were controlled for as covariates within each model. All analyses were completed using SPSS v.21.0.
RESULTS
The analysis included 794 clients for which complete demographic and outcome measure data were available. The demographic characteristics of the cohort are presented in Table 1 . Overall, the majority of clients were older (>65 years) and had an average admission FIM score of 105, indicating good motor and cognitive functioning. Almost 50% of clients were referred from inpatient rehabilitation. Program-related characteristics are presented in Table 2 . On average, clients received approximately two visits per week and stayed in the program for four months. A comparison of demographics for the analyzed cohort and cohort of excluded individuals revealed no statistically significant difference between the two populations on any characteristic, with the exception of mean length of stay in the program for which the analyzed cohort had a significantly longer length of stay in the program (mean 113.4 vs. 125.2 days; p = 0.003)
The sphericity assumption was met in all models. Results of the repeated measures ANCOVA of client and caregiver outcomes are presented in Table 3 . There were no significant improvements in the Memory and Thinking subscale of SIS between admission and discharge; however, a statistically significant improvement in score was found between admission and follow-up (-8.43 to -1.47, p = 0.002) The Depression subscale of the SIS trended toward significance (p = 0.017) from admission to discharge from the program, and all other pairwise comparisons for each client outcome and subdomain scores improved significantly between admission to the program and discharge from services (all p < 0.017). All of these improvements were maintained at the 6-month follow-up (all p > 0.017). Analysis could not be completed on the Psychosocial domain of the SIS because 3 items in this domain were not coded correctly when entered into the dataset, and data were only available at an aggregate score level. The CACS level of assistance subscale scores significantly improved between admission and follow-up time points (p < 0.017), with gains maintained between discharge and follow-up. These results were also observed with the BCOS. No significant gains were observed between any time points on the CACS level of confidence subscale.
DISCUSSION
Our objective was to describe the provision of services by an existing home-based, multidisciplinary rehabilitation program and the impact of those services on patient and caregiver outcomes poststroke. Using a retrospective cohort of clients who received CSRT services in southwestern Ontario, Canada, between 2009 and 2013, we found that clients remained in the program for an average of 125 days and received a mean of 34 visits. Clients experienced statistically significant improvements in functional and psychosocial outcomes and had a greater sense of reintegration into daily activities after being discharged from the program. Gains made by the clients during active rehabilitation were maintained at follow-up.
The functional and psychosocial improvements shown in this cohort are comparable to those made in other studies assessing the effectiveness of home-based therapy. 8, 24 Markle-Reid and colleagues 24 assessed the effectiveness of a community-based program which showed no statistically significant improvement in health-related quality of life (SF-36); however, there was a clinically significant improvement in scores during the study period. To overcome the challenges of interpreting data with no control group, we were similarly able to compare our findings according to clinically meaningful changes. Lin et al. 25 identified clinically meaningful changes in scores for patients in the chronic stage of stroke for several domains of the SIS. Based on those authors' criteria, the patients in this study had clinically important improvements in strength (Δ = 11), activities of daily living (Δ = 7), and mobility (Δ = 10). Furthermore, the change in FIM score experienced by our population can offer additional information. Granger et al. 26 found that for every 1-point increase in total FIM score, the amount of assistance needed by a patient with a stroke decreased by 2.19 minutes. Therefore, the 5-point change in score observed in this study could equate to a savings of more than ten minutes in daily care provisions. This is supported by our finding of a decrease in level of caregiver assistance required between intake and discharge from the CSRT program. Given that deterioration of gains after stroke rehabilitation is possible, 27, 28 the maintenance of gains at follow-up in our study suggest that continued rehabilitation in the community is beneficial over the long term. Future studies should assess the impact of CSRTs on client outcomes beyond the 6-month follow-up period assessed in the present study.
The effectiveness of organized stroke-specific rehabilitation services for acute and inpatient settings is well-known. Less wellknown is what model of care is best suited for patients who require continued rehabilitation in the community. Limited studies have been identified that examine multidisciplinary rehabilitation interventions. 29 Most often, the community-based programs were limited to stand-alone rehabilitation therapies such as physiotherapy, 30 33 or a combination of two or three disciplines. 34, 35 The CSRT are a unique multidisciplinary program that is truly integrated and team-based. Services are not prescriptive; care plans are individualized to each patient based on their needs and goals within the home context. Care plans are discussed at team rounds and caregivers are heavily involved in goal setting. Given the evidence for patient-centered and goal-oriented therapy that is constantly changing over a patient's continuum of recovery, 36 the CSRTs are guided by elements that may offer advantages over standard models of care.
Canadian Best Practice Recommendations for Stroke Care state that therapy provided in the outpatient and/or communitybased setting should involve "a minimum of 45 minutes per day (up to 3 hours per day), 3-5 days per week" (p.33), and be "based on individual patient needs and goals." 37 Likewise, the UK guidelines 38 suggest that patients receive "45 minutes of each relevant stroke rehabilitation therapy for a minimum of 5 days per week" (p. 33). Both guidelines specify that this is applicable for patients who are able to actively participate in rehabilitation and have achievable rehabilitation goals. The CSRTs provided 2.3 client visits per week on average. This intensity is comparable to the rehabilitation intensity reported in the early-supported discharge (ESD) literature; for example, Donnelly et al. 39 reported 2.5 visits per week and Bjorkdahl et al. 40 reported 9 hours per week for 3 weeks. ESD services are meant to provide rehabilitation services in place of inpatient rehabilitation; therefore, this level of intensity is often not seen outside of the ESD literature.
The ideal intensity for community-based rehabilitation is unknown; however, a randomized controlled trial by Ryan et al. 41 found that patients who received a higher level of rehabilitation, similar to that detected in the present study, experienced statistically significant improvements in social participation and quality of life scores. 41 
Limitations
This analysis used data collected for administrative purposes and, as such, contains inherent limitations and challenges. Data were collected by a number of individuals, which may lead to inconsistencies in the administration, scoring, or interpretation of the tools. However, the majority of outcomes measures are validated tools that have good inter-rater reliability. Furthermore, training on outcome measure administration was provided to all CSRT staff.
Due to high levels of missing data, as is often the case when using administrative data, the number of patients available for analysis was much lower than the number of patients who received active services. There were no significant differences in the characteristics of patients who were analyzed compared with those who were not, except for mean length of stay in the program. This suggests that the analyzed cohort is likely not a biased representation of the program population.
Finally, the CSRT program is a highly individualized program with client features and needs that vary greatly that may not have been accounted for in this analysis. In particular, length of stay in the program varied between patients, resulting in different time points for the follow-up assessments. An attempt to account for this was made with the inclusion of appropriate covariates. Furthermore, that this was an ongoing, "real-time" program meant that characteristics of the program itself have changed over time (e.g. target length of stay, staffing levels, outcome assessments). These specific program changes are very difficult to account for and must be considered when interpreting results of any analysis. In addition to limitations of using administrative data and the evaluation of an ever-evolving program, this analysis did not include a control group for comparison purposes. Because of the nature of the intervention, ethical concerns preclude the opportunity to randomize patients to a control and intervention group, and the gains made by the present cohort of clients should be interpreted with this understanding.
CONCLUSIONS
Our study provides evidence for the effectiveness of a multidisciplinary, stroke-specific, home-based rehabilitation program in improving patient outcomes after stroke. CSRTs are one example of a successful community stroke rehabilitation team; however, the ideal structure that should be used to maximize patient outcomes remains unknown. 42 Furthermore, the costeffectiveness of this program should be examined. Future research should attempt to uncover the "black box" of community rehabilitation services in search of the ideal content, intensity, and duration of services and to identify those patients who may benefit most.
